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Acquisition and Retention of a Letter-Detection Skill

Alice F. Healy and David W. Fendrich
University of Colorado

Janet D. Proctor
Purdue University

In two cxperiments, we examined the acquisition and retention of 3 ictter-detection skill with a
consistent-mapping procedure. In Experiment 1. subjects were trained from 0 10 4 sessions at
detoctng the letter H :n dispiays containing random letters. and retesting occurred after a |-
monih detav, Perfortnance ymproved and in seme cases becgimie more julomauc. and the
perfonimance jev-l was mnajatained over the retention inter al, Wren testevd with a prosc passage.
the ingh error rate on the word THE was eliminated after training and after the retzntior interval,
regardless of the amount of training. Tn Experiment 2. two subjects were given 12 sessions of
wwmng followed by i refennudn est € meaths later. For 1 subject there was aiso 3 retention oSt
{5 months after acquisiion Performance :mproved dramaticait, with yaining, and substantial
hut pot compiete antomaticity was achieved. Performance on the retention tests was giose tc the
final acquisition level The surpncing lack of forgetting in this study was contrasted with the
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substantial forgerting typicaliy found w studies of verbai learning

In this 1ovesugation we are concerned with the acquisttion
znd retention of 4 letter-detection skitl. In previous rescarch.,
letier Jetection performance has been studied in two different
contexts, one involving prose passages (e g.. Healy. 1876) and
the ather invalving madom etter displays (c.g., Schacider &
Shiffrin. 1977). Afthough there has been a therough investi-
zation cf the effects of training with random letters (including
explorations of the devalopment of automatcity), thare has
been cgsentially ne rescarch cxamining how training in that
context affects subsequent performance in the prose context.

Portions of this article were read at the 28th Anaual Mecting of
the Psyckonomic Society. Seattle. Washiagion, November 6. 1987.

This resrarch was supported in part by National Scence Founda-
twon Grant BNS-§025026. United States Air Force Human Resources
Laborators Contract VEST42022-001, and United States Army Re-
search Institute Contract MDA%03.86-K-0155 to the Institute of
Cognitive Scicnce at *he University of Colorado. by Biomedical
Research Support Geant RRO7013-16 awarded to the University of
Colorado by the Bicmedical Research Support Grant Program (Di-
vicion of Research Resources, Nationa' Ingtitutes of Health), by a
Counct! on Research and Creative Work Grant-in-Aid from the
Umveruity of Coicrado. and by National Instituie of Menta! Ieaith
Traning Grant MH 14617-08 to the University of Colorada. Alicc F.
Healy was suppotted by a Faculty rellewshiy fron the University of
Coioradn and a James McKcen Cattell Furd Sabhetical award during
the preparation of this articie
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Also, tittle i< known about the durability of the offects of
training «n the letter-detection task (but see Rabbiti, (or.-
ming. & Vivas, 19797 The prescai studs exasrines the dura-
bility of the effects of train‘ng on leticr 2etechon. whether
retention of the jettes-detecuon skill depends on the amouni
of training or the achieycment of automaucity, and the extent
to which 1raining in random Yetter dispiays influences detec-
tion in the prose con‘exi,

Dramatic forgetiing 1s uhiquitous in verbai learning {<ee.
¢.g.. Crowder, 19743, but forgetting scems to be considerably
smaller i mowyr keaming (scc, o.g.. McGeoch, 1942, and
Navlor & Bnggs. 1961 but also see. e.g.. McCGieoch & Melton,
1929) and relarively small in other studies of percepntual
learning {e.g.. Kolers. 1976). Perhaps. the lcarning resulting
from detection traiatng will be well retained, like moter and
other perceptual learning. 1f $0, the changes in detection
performarnce resulting from detection tcaining should be evi-
dent even after a relatively long delay without practice. On
the other hand. if forgetting of the letier~detection skill is
rapid. like verba) learning. the changes in detection perform-
ance may be transient and disappear after a delay

Two types of letter processing have been distinguished 1n
the literature: ¢ontrolled processing, which requires atten-
tional resources and cognitive effort, and automatic process-
mg whick requires only mimmal cognitive capacity and
attention (¢.8.. LaBerge & Samuels, 1974; Schoeider & Shif-
frin, 1977: Shiffrin & Schneider, 1977). Perhaps it will be
necessary to trzin letier-leve! processing 1o the point of auto-
maticity (so that letter information would be accessible with-
oul attentional resources) in order 10 atlain superior long-
term retention of the letter-detection skill. Alternatively, the
amount of forgetiing may not depend on whether automatic
processing develaps. '

In previous studies of letter detection in prosc. two striking
findings have been well documented. First, a “word frequeccs
disadvantage” has been found, in which letters occurnng in
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very common words (such as THE) are missed mote often
than thosc occurring in less comraon words (such as THY)
(e.g.. Healy, 1976). Second, a “word inferiority effect™ has
been found. in which ictters are more likely to be missed in
correctly spelled words (again, such as THE) than in mis-
spelled words (such as TEH) (eg, Healy & Drewnowski,
1983). Underlving the explanations of these effects (see, ¢.3..
Drownowski & Healy. {977 Healy & Drcwnowski, 19383;
Realy, Conboy. & Drewnowski, 1987 McClelland & Rutnel-
hart, 12811 18 the basic assumption that the faituse 1o detect
1etters in commeon, correctly spelicd words results from inter-
actions of processing at the word and Ictter levels. This
asumption Lot only predicts that enhancng processing at
the word jeval mav inhibit further processing at the [etter level
but aise: Jeads 6 the prediction that enhancing processing at
the letter level will change the pattern of lettcr-detection
errors. Indeed. 1n previous research with the letter-detection
wasw (Healy, Oliver. & McNamara, 1987), the pattern of errors
has heen foung 10 be changed as a result of practice Specifi-
ca.lv, a decrease in the overall error rate and in the size of
torh the word frequency disadvantage and the word interiority
et was found as a function ¢f repeated exposure to the
Wams2 prose passast. However, this effect of practice might
have been the result of famihanty with the specific passage
rather than the result of improved letter-level processing
~speutally because the effects of passage familianzation have
n~een found to e substantial in studies of proofreading for
rsipelhngs {see Levv, 1983. Levy & Begin, 1984: Levy,
Neweil Snyder & Limgiins, {/85). Hence, it is important to
-onstract a situation in which only letter processing is prac-
siced. so tha! the effects of traming at the letter level can be
assessed.

The arm of the present study was 10 ¢xarnine these issucs
soecermng the acquisition and retention of & letier-detection
skl by constructung a task analogous to that used with letter
detection ir prose bt int which only lelter processing was
pracuced V'c achieved this end by developing a variant of
the detection training paradigm developed by Schneider and
Stuflnia (1977, Specifically, 2s in the prose letter-detection
task. cha-acter sequences were rapidly presented on a com-
putsr terminal screen, and sub,ects pressed a response key
when thev detected the target letter (see, eg., Healy Oliver,
& M Numara, '987: Proctor & Healy, (985). In this casc,
-owever random letier sequences, rather than connectad tex,
were used. Further, as in the detection traiming paradigm.
rrame size (the number of ietters 1n each display) was varnied,
vislding vlower and less accurate responding with larger frae
v e Automatic peocessing was indexed by a decrease in the
cftect of frame size as a function of practice. Before and after
Jdetecuon training. subiects were exposed to the standard
“srter-detection task with a prosc passage. We expected that
ke word freyuency disadvantage and word infenority effect
would be evideni befure training. Howewver, these cffects
should be recuced or ehminated after training, especially if
.uhect: hecame automatic at letter detection. In our experi-
ments subjects atso returned for additional testing after a long
delv, anterval. During this retention tett they were given
another exposure to the prose ietter-detection task, as well as
th= random-'etter task that they had practiced. We expected

that the effects of training on letter-detection parformance in
both tasks would be we!l maintained across :he delay interval
if this skifl resernbles other perceptual and motor skills in its
retention characteristics.

Experiment |

In preliminary research (Healv, Fendrnich, & Procuor, 1987)
we found that the word frequency disadvantage in tie letter-
derection task with prose passages was large in a pretest bul
was climinated on a posttest afler detection trarming. One
purpose of Experiment 1 was to compare the effect of two
ditferent amounts of detection training. Perhups the word
frequency disadvantage will be chiminated oniy if the subjeals
are given sufficient practice so that their performance at leas:
approachcs automaticity To address this question, we in-
cluded wwo expenimental groups of subjects who were exposed
to different amounts of detection training: cither 2 or 4 days
of training were administered hefore the posttest.

The second and most amportant purpose of Experiment 1
was 0 examine the permancnce of the effects of detection
training. Towards this end. we cmploved a retention-test
phasc apprexumately 1 month after the postiest, The retention
tests includod letter detection in a peose passage. followed oy
the detection (raining task. The retention test with the detec-
tion training task allowed us {0 examine the durability of the
detection skill across 2 lengthy Jdelay interval, The retenticn
test with the prose passage allowed us 10 assess the durability
of the changes in the pattern of letter-detection errors resulling
from detection training. Perhaps the word frequency disad-
vantage will e eliminated at the end of traimning hut will
rcappear 1 the retention test. Alternatively, the skill learned
dunng Jetection traning ray be retained so well that the
pattera of resuits on the postiest wali persist to such an extent
that the word frequency disadvantage wili continue w0 be
absent during the retention test.

Method

Subjects

Thirty-six studerts ar the University of Colorado panicipated for
ocourse credit in Introductory Psychelogy and for payment at the rate
of $5 per hour for any additional haurs hevood *he course ~equire:
ment.

Stimuli and Apparatits

Derection training stimudi.  The detection training displays were
strings of 16 letters and two internal dlank spaces (sec Figure i) Ths
length corresponded tc the approximats length of the letter-detection
passape Jisplays. Each string contained 2, 4. or 16 scrambled upper-
case lerters, depending on the frame size (2. 4. or 16). rRndomliy
interspersed with 14, 12, or 0 filler churucters which were numbr
signs (%) A target character (H) was present in haif of the character
strings. Two blank spuces were randomly placed 1n cach stnng with
the constraint that they could not ocour in the first. the last o
adjacent stiing positions. These blanks gave the displays the appear-
ance of the three-wond configuration of the fetter-delection passagss




RNE GRS QTR = FROM CUY BLDR -
272 A HLALY. L
FRAME SIZE
2 #4 AREHER HHBENHTR
4 #50 WE HNSHIBEMERSH
is WYSEYIG PEC PCNUKE

igure ¢ Eaampic rames in Experimont !

The acatarge? leergrs (diszractons used WOre the same a3 (hose wind
in the sccond tetter-deieciion passage cxcept that they were scramsled
at mandom.

Leiter-dereciion pasiages 1 hroe prose passegces in upper.ass (\pe
weiz amptoned One passage w 3s adapted from a passage of Winsian
Smuth's novel, The Srauger jrom the Sez. The text coatained 484
words, including 7Y test words oentainimg the target ietter Ho The
word THE accounted for 26 of the test words. The remaining 6 tost
words were other iawer frequency words contaming 4 singls H. At
:a0st, onc test word ocared in cach three-word display scgment.
and ws: words were located with equal freguency in all three pusitions

Baf of the tost words of each (ype were muspelied, and mw»
versions of the passage were produced by varving which half of the
words were musspelled. As a resalt. 2 word-nomword companson and
an examinatuun of the effects of word far lianty were made possibic
withaut the cenfounding vanables of word leapth and frequancy of
occurrence it the text Twelve nontarget, filler woods also were
cusspeled so tnar incorrect speilirg would not automat.cally signifs
the presence of a target. The same filler words were misspelied in
hoth versions Of ths passage, according (0 a prescnbed procedure.
The last Iettar of the word was replaced with ancther leiter, unless

2 iast vt +vas a target. In that casc, the first letter was roplaced.
Qrigirgg letters and substituses were pared so that the same sobste-
tuuen was wways made for a goven letter (eg. THE was aiwass
misspetled THI,, oxcept when that substituton would produce an-
other word In those cass, at altarnative substitute lenter was selected.

The secoad passags was adapted from another portion of Thir
Stranger from the Sez K contained 783 words, including 48 eceur-
rences of the word THE and 9 ather lowet frequency words contain-
ing a stngle H. Test words occured with equal frequency in all three
positions in a seament, and 3t most one tast word appeared in cach
segment The musspelling procedure described above was imiple-
mented. oxcert that 1€ filler words (racher than 12) were musspelled,

One of the first (wo passages was eapanded and moduied fo create
the third passage. The thind passage contaned 1,296 words. includ:ng.
204 test words containing the letter H. The word THE accounied for
192 of the test words, The remaiming 102 test word: were other lower
frequency words contaitung, a single H. Half of the test words of each
tvpe (THE and other) and 24 addiuonal filler words were misspelled
by using the procedure described abave. Test words of cach type and
spelling oocurred cqually often (1 = 17) in each of the three word
positions in » display segment of text

Reading comprehension tests were constructed tor cach passage.
Each test contained eight moderately difficult. four-alternative mul-
tiple choice questions.

Apparatus. Fxcept for the reading comprehension questions
which were presented on paper, all stimuli were presented on @ Visual
200 cathode.rav tube (CRT) display screen Jinked to a2 PDP-11/03
computer system. The computer controlled stimulus presentation
and recorded response latencies. Each subject responded by pressing
& button keld 1 his or her preferred hand. Measured from a viewing
distance of 50 cm, (he mear length of a line of rext across all three

FSvIHOLOGY P

T
'l
m

N
[
I

FENDRICH. AND S, PROCTOR

passages was <4 967 of visual angle, and detection training stimali
subtended S 277 of visual angle. Single uppercase letters subtended
0.23" horizamaily and 0,267 \ectically. A 0.34% space occurred be-
tween words and «n detacuon training stimuli,

Procedure

Generol design. Three groups of 12 subjects each parucipated in
wo. three or five scssions conducted cver approv mately 3 to §
weeks, Group assignment was made according to a prescribed rotaticn
hased upon a subjcet’s ime of arrival, Because the expenment was
conducted uring ivo school terms (spring. summer), cqual numbess
of subjects f:om cach term were assighed 12 each group in onder to
countarhalanue an . extrancous factors ansing from different student
populations. The thres groups differed only in respect to the amount
of detection trrining subjects recer-ed, The control group recetved no
dr lechor iraiming, whereas 1he limited training group recoived 2 Jays
of training 119 bioeksi and the evensive training group received ¢
dave of trarning (24 hlocks)

3 standa~d sequence of tasks was used with dl subjects, although
the conirul growp did not participate in the detection training phase.
Table 1 shess the specific order and timung of tasks for eacs group
The cxpenment began wiih a pretrzining prose passage letter-detec-
uon tash The firt session continued with the initiaticn of the
deteetion trainang phase Becsuse sobjects in the coatrol eroup re-
ceived no detection tramning. they proceeded directly to the next wask
(posttest prose pasiaze letter-dete-uon task). Subjects in the limited
wraiming aroup performed five hiocke of detection training during the
Arst sesyon. and an addiuenal §e blocks 2 days later in the second
sesdion The oxtensive miaing group subects received tive blocks of
training ducing both the fisst and founth sessions, and seven bincks
dunng both the second and third sessions. For the extensive training
group. Scestans 1 and 2 were separated by 2 days. as were Sessions
and &' 5 davs scparated Sessions Z and 3.

After ths detevtiop training pnase was completed. subiects irmme-
diately performed a posttraiming leterdetection task with 2 second
prose passage. A retentioa interval of 3 1¢ § weeks then elapsed before
subjects retumed tor the final urtention) phase of the evpernimeaat. At
that time. a third passage was presented for a retenticn tost of letter
drtection in prose. Next, subjects uncluding the cantrol group) per-
formad five blocks of the detection training ask o evaluate retention
of the letref-deracton skl

Detecrion training. A vanation of the rapwd serial visua! presenta.
1100 procedure was used to present letter stnngs brieflv in the appre~-
imatc center of the terminal display screen, as in the neose passage
letter-derection task. Three frame sizes (2. 4. 16 pvineber signs filled
any remaining character spaces) were employe” Subjects were in-
steucted to press a button as rapidiy as possiblc whencver the target
(H) occurred

Tabic §
Order ana Timung of Task: kxperiment 1
Task
Traning Retention
Protest duration Postiest duration
Group essiun (sossions) esson (wecks}
Control Sesxion ! 0 Session 1 3-¢
Limited Scsyion | 2 Session 2 -5
Exten,ive Sessmon | é Session 4 3-3
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Each iraining session was orgamized intd several blocks of trials. A
trainipg biock consisted of three sets of 52 tnals (26 target, 26
nontarget). anc for each frame size. Framc size order was random
within cach block Stimujus exposure duration was 1,500 ms through-
out trair.ng

Prase passage letter-cetect'on isky  The text was presented thres
werds at a tme in the approximate centes of the computer tenmnal
screen by means of a varianon of the rapid seriai isual prsentation
procedure 'Forster. 1970). Each threc-word segmert was presented
far 1.500 ms Within each traimng gronp. half «.f ikc subjects received
one passage vession. and half received inc other Subjects were
instructed o read for comprehension and (o press a button as raprdly
ar, possible whoaever the tasget letrer occutred. Subjects searched for
Hin each pessage Passage order was counterhalanced across subjects.
Reading comprehersion questions were 2¢ ministered in 3 multiple-
chowce. paper-ard-pencil format mmmedrately following each passage.

Revults

Scoring Frocedures

Becausc *he rapid senal visual presentation procedure has
ssential’s po intersumules interval, a deiaved response o
one stimu' s can e registered duning the presentation of the
following stimules A resporse latency critenion was adopted
:n prevent including this tvpe of response in the data. A
rasponse was coasidered 1o be correet (1) and was included
in the caiculation of the reeponse fatency and accuracy data
¢ the response was made during the presentat:on of a target
cireulus and if the responsc latcacy exnieeded G0 ms, Re-
sponsee made alior the St 200 ms of a dispay presentation
that did =0t inviude a target Iiter wore seoied oy falsc alarm
errors All responses svth Jatencies under 200 ms a2re pot
scored and wor: ehiminated from further analvsie,

Datection Training

The proporton of hits and the median responsc (atengies
fos hits were comiputed for each subject as a funcrion of test
clock ana frarme sive Darly means for cach training group
are shown ir Tahles 2 and 3. The standard crrars of the mean

Tahle 2
Meun Proporiicn of His vr 2 Function of Trapuns Crotg,
frame Sizc, and Day of Trumniig Experiment |

Day of training

Frame
Crroup s1e | 2 3 4 R¢tcnuon
Control
2 5§
4 a3
i6 E
Limited
< vy 68 9%
3 vd 6 93
16 64 73 76
Exiensive
2 Y9 100 99 100 LN
4 9s 9% 9% 98 9
14 ) 22 b3 .82 &8
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Table 3

Average Median Response Latency (in Milliseconds/ as a
Function of Training Group, Frame Size, and Day of
Training: Experiment [

Day of training
Faame ___ 0
Group size 1 2 3 3 Retenuon
Contro!
2 676
4 781
16 1,003
Limited
2 660 622 624
a3 770 728 729
16 1.017  ye2 Q92
Extensive
2 687 531 628 600 633
4 805 721 Tit 685 718
16 1000 959 931 9!5 903

proportion of hits in Table 2 arc .010 for the lim:ted training
acquisition sessions and .007 for the extensive training acqui-
sition sesstons. The standard ervors of the mean response
latencies in Tablc 3 are 10 ms for the limited training acqui-
sition sessions and § ms for the extensive training acquisition
sessions. The standard ervors of the retention data from all
three groups in Tables 2 and 3 are 015 and 13 ms. respec-
tivelv, The proportion of false alarms was computed but not
analyzed further because of their very [ow froequency (mean
= .03 for the limjted training acquisition sessions, .02 for the
extensive training acquisition sessions, and .02 for the final
retention session of all three groups). Because of problems ¢f
interpretation due to ceiling ettects on accuracy with Frame
Sizes 2 and 4, we present the statistical analyscs of the responsc
latency data only.

Training phase. Subjects reccived different amounts of
detection task fratning., deperding on their condition, As 8
resuft, an overall analvsis of training including all subiects
could not he performed. fnstead, the data from the training
period for the fimited (2-day) and extcnsive (4-day) training
groups were initially analyzed separately to evaluate the de-
velopment of processing automaticity.

For both the limited and exténsive training groups, the hit
rate was highest with small frame sizes and increased 29
training progressed. The cffect of frame size diminished with
training, and thus some progression toward automaticity did
occur. This shift toward automaticity was minimal, howeser;
the magnitude of thc frame size ¢ffect was reduced only
slightly. and a substantial difference remained between Frame
Size 4 and Frame Si7¢ 16 whea training ended.

As opposed 10 thc accuracy measure, the response latency
data of the limited traiming group gave no evidence for im-
proved automaticity in a 2 % 3 (Day of Training % Framc
Size) analysis of variance. The main cffects of day of training.
A1, 11) = 1031, p < 01, and frame size, F(2, 22) = 292.17,
o < .001, were significant, but the Day of Traintng X Framc
Size interaction did not even approach significance

A similar paticrn was present for the cxtensive training
groug in a 4 X 3 (Day of Training X Frame Siz¢) analysis of
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vanance Rasponsc latencres decreased with training, F(3, 33) Table 4

= 17.44. » = 001. and responscs were slower to larger frame
sizes, F{2. 22) = 219.33 p < .Q0L. but the Dav of Training x
Framc Size interaztion wis not significant.

Retennion phase  To evaluate the estent to which the
effects of deection training were retained over time, the
limited training and extensive training groups’ performances
from the last detection traiming session were cotnpared with
those from the retortion session. These data are included in
Tables 2 and 3. The previous separate analyses of detecticn
training did not allow a direct comparison of the degree to
which autgmaticiny was atiained by the two groups. The
curren: retertion analyses do provide this comparison and
indicate that although full automaticity was not achieved, the
cxtensive training sroup reached a significantly greater degree
of automaticity than did the limited training group.

Subjects who recenved extensive traming had higher hit
rates and smailcr frame size effects on hit rates (greater
automatiCrivy than subjects who received limited training.
Trere was nc difference berween the hit rates on the last
wrzining session and the retention test, reflecticg both groups’
aimos: complets tetention of letter-detection skills in the
detection training task over 310 3 wecks. Further, the level of
automaticity did not change over the retention period for
etther group.

Response iatences for the last training session and the
retention test w2ie compared ina 2 X 2 < 3 (Training Group
x Dav x Framc Size! apalysis of variance. This analysis
vielded onhy two sikarficant effects. the main effect of frame
size, 2. 4d) = 488.29, p < 00}, and the Traimng Group X
Frams Size ineraction, £(2, 44) = 6.58 p < 0. Responsc
Jatepaeies incezased as frame size increased, and this effect was
larger for subjects given Limuted traming than for thosc given
extensive tra;ning. suggesling mere automatic responding for
the subyects cxposed 10 more training. This intcrpretation is
supported by a irend analysis that revealcd a significant
Trammng Group » lincar Frame Size interaction component.
F(1,22)=8%8.il.p< .01,

Although subjects in the control soup reoaived no detec-
tion trzining dunng the main traimng sessions, thcy did
receive five blocks of training ¢uring the retention rest session.
These data were used in a final set of analyses t0 comparc the
control group’s performance duning one session of detection
training with the performance after a retention period for
groups thai had reccived himited or extensive training. To
provide a more dctailed account of any changes in perform-
ance, the data from each block of tmals were uscd, rather than
the daily averages used previously. These data are shown in
Tablcs 4 and 4. The standard error of the mean proportion
of hits in Table 4 is 017 and of the mean response latencies
in Table $ is 19 ms. as determincd by analyses of varance.

The hit rac of the control group improved over the session.
whereas the performance of the limited training group de-
creased slightly, Further, the extensive training group had a
higher hit rute in general and a smaller frame size effect than
the control and limited training groups had. For the propor-
tion of hits, therefore, the limited training group performed
no better after the retention interval than the control group
performed during its initial training, but the cxtensive training

Mean Proportion of Hits in Rewention Tesr as a Function o
Teaining Goup. Frame Stze. and Trial Block- Experunen: |

. Toaal block
Frame __..
Group size ; 2 3 EY H
Control
2 96 98 9% 37 Qe
4 30 i 94 BN 96
i6 J4 e A T
Limited
Y9 1.0 7 97 97
4 87 a5 94 %0 9
16 76 79 e 4 e
Extensive
c 100 99 1.oo 1.00 59
4 1O 98 M 9% GR
t6 93 88 K8 24 88

group performed at a higher level and was moarz artomate
than the groups receiving lcss training.

The data for rcsponse latency from the overall 3 ¥ 4w 3
{Training Group X Rluck X Frame Size) analysis of vanance
werc partitioned into comparisons of the control group vereus
thc limited training group. and the combination of the contrzl
group and the Lmited training group versus the extensive
training group. Only the Train‘ng Group x Block term in the
comparison of the control and limited training groups was
significant, F(4, 132) = 4,13, p <« .01. As with the accuracy
mcasure. the control group’s performance improved 1crass
blocks. whercas the limited training group's performance
worsened somewhat. When the control and himited traming
groups were combined and their responsc latencies were cori-
pared with those of the extensive training group. aniv the
interaction of trairing group and frame size was significant.
F(2. 66) = 6.78, £ < .01. A trend analvsis revealed that this
interaction included a sigmificant Training Group X Linear
Frame Size component, F(1. 23) = 8.58, p < .0}. The man
offect of trawning group was not significant. Although the
overall level of responsc latency did not differ between the
cxtensive training group and the groups receiving less training.

Table 5

Average Median Response Latency Jin Milliseconds; for
Retention Test as a Function of Training Group, Frame
Size, and Trial Block. Experiment i

Trial biock
Frame .
Group size 1 2 3 4 5
Countral
2 699 700 650 664 (65
4 64 791 756 736 Ty
16 1.026 1013 1013 99 w72
Limited
2 625 600 597 64] 656
4 703 721 733 755 7133
16 984 1,006 1,013 1001 958
Extensive

2 610 634 633 633 656
4 709 719 708 724 N2
6 918 924 916 860 K97
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the magnitude of the frame sizc cffect was smaller for the
extensive training group, and thus. automaticity. of processing
was greater.

Letter Detection in Prose

The proportcn of targets detected (hits) was computed for
each subject as a function of test-word type {THE/other) and
test-word spolling (correct/misspelled). As in the detection
training analyses, a response latency cntenon of 200 ms was
adepted. For the present analyses, all latencies under 200 ms
were treated as failures to respond, as in previous studies.
Group mieans anc shown in Table 6. The standard error of
the mean proporuon of hits in Table 6 is .023, as determined
by an analysis of vanance. The mcan proportion of false
alann srrors overall was quitc small (mean = 03); hence,
thesc falte alarm data will not be discussed further.

Because all groups reccived the same threc passage tests,
the data from all subjects could be combined in one overall
3 X 3 x 2 x 2 {Training Group x Test x Word Type X
Spciling) analysis of vanance.

The main effects of word type, F(1, 33) = 443, p < 05,
and spelling, F(1, 33) = 85.65, p < 001, were significant, with
a greater proportion ¢f hits overall on THE relative to other.
less common words (a word frequency advantage). and on
musspelled words than on correctly spelled wonds (a word
:nferiority effect). Most important. the Word Type X Spelling
1nteraciuon was significant, F(1. 33) = 75.34, p < 00!, Asin
pro s 0us experiments, subjects made the lowes! proporiiorn of
futs on correctly speiled instances of the common word THE,
2 somcwhat greater proportion of hits on other correctly
speiled words, and the greatest proportion of hits on mis-
spciled instances of THE and other words. Thus, the word
inferiority effect was greater for the word THE than for otaer
wurds.

The results of the pretraining letter~detecton task nicely
maich those ot previous studies (Healy. Oliver. & McNamara,
1987 Proctor & Healy, 198%). Targets were less likeiy to be
de'ected when the target was 1n the context of a correctly
spelled, very high-frequeney word, such as THE., This reph-
cation #xtends the generality of the word frequency disadvan-
rage and word inferionity effect 1o new passages and a new
targe! letter.

Table 6
Mean Proportion of Hus as a Function of Training Group,
Test Werd Type. and “nelling: Experiment |

Pretest Posttest Retention
Group Word C)r .’_\iis C—or ’ Mis Cor Mis

Contrui

THE G 81 67 92 e 914

othet 67 75 .68 72 .7 78
Limited

THE 39 78 s? 92 60 &8

other 63 70 68 73 62 68
Extensive

THE 47 RY) 0 91 70 95
other 68 73 75 79 76 $1

Nute Cor = curmect, M1s = misspelied
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Performancc changed as a function of test. The maip cffect
of test day was significant, F(2, 66) = 18.49, p < .001, with
proportion of hits increasing {rom the pretest to the positest
and then remaining relatively unchanged in the retentjon test.
Also, test interacted with word type, F(2. 66) = 32.39, p <
001, and with spclling. F(2, 66) = 362, p < .05. On the
pretest, fewer targ2ls were detected with the word THE than
with other words (a word frequency disadvantage), but on the
posttest and retention 1est the opposite pattern occurred (a
word frequencs advantage), due peimanily to a large incrcase
1m accuracy with the word THE (comrectly spelled and mis-
spelled) but only a modest increase in accuracy with other
words. This tvpe of reversal did not occur for the effect of
spelhing, but the difference between the proportion of hits
made on misspelled words and on cormrectly spelled words
decreased across icsts. That is. the word inferority effect
decreased in magnitude Wit subsequcnt tests. although it
remained substantial.

The length of training on the detection task had no signif-
icant effect on the proportion of hiws for leteer detection in
prose. Neither the main effect of training group nor any of jts
ateractions were significant.

Discusvion

As1p our preiiminary study (Healy. Fendrich, & Proctor,
19875 the word frequency disad-antage was sfinunated after
detection training. and the werd inferionty effect was reduaced
in magnitude. However, Experment | provides no suppon
for the hypothes:s that the change in these ¢ifects was due to
the dcteciion training 1tseif The aroup secciving the rnost
extcnsive detection training did not performn differently on
ictter detection 1n prose than did the groups that received
ftmnted or ne training. it fact, the carliest loss seemed to
oceur for the control group. which recetved no detection
tralnung prior o the presentation ¢f the passages Thie finding
supgests that expencnce with letter detoction in prose itself is
the cntical factor, Further. passage familiarity cannot be the
hasis for his effect becausc a given subject saw a ditferent
pasaage at each testing. Most crucially, it should be noted that
the change 1in performance was not short iived: the word
frequency disadvaniage did not reappear evan after a retention
interval of a month.

The disapnearance of the word-frequency disadvantage as
a result of expencnce with the prese letter-detectuon task may
at first appear o be probicmatic for the unitization hypotheses
(sec. e, Healy, Oliver, & McNamara, 1987) because these
hypotheses were developed specifically o account for the
preponderance of letter-detection errors on frequent words
However in fact. the findings from Expenment 1, althcugh
unexpected. do ot pose a serjous threar to the unitization
hypotheses, According to these hypotheses, text is processed
in parallcl at the ievel of letiers and words. Because of their
familiar visuai configuratinn. very common words like THE
may be identified before their component letters. Once a word
unit has been identified, the procossing of the companent
letter unuts 1 terminated cven it they have not vet rcached
the point of identification. This premature lerminat:on leads
to errors on the letter-detection task and is caused by the pull
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of the ext rosviung from the comprehension processes. In
this wav th= uritizaucn irvpotheses can account for the pre-
ponderance of letter-detection crrors on common words like
THE. the word freguency disadvantage. How can these hy-
potheses accomirodate the (0ss of the word frequency disad-
vaniage found with prior exposure w the prose letter-detect:.on
task? An erplananon of this finding can be made simpiy by
proposing that the pull of the text can he weakened wid
praciice ai ibc prose task, o that subrects feam to continue
processing at e letter level even when word-level processing
has already oeen cempleted In other words, the compulsien
to MmOVe an in a Xt at the capense of letter-ievel processing
apparenily <an be dupinished with experience at a task re-
quising Ietter Jdettificanon in the contest of reading prose.
Detection training cuiside the prosc context presumably can-
not atfest e compulsior 16 move on beecause there i no
text. and heove no pull of the ext. in that siwdation.
Althouga extersive detoction training did not have & greater
cffect on the prose task than did limited traiming, it did
produce greater automaticity in Expeniment ! Full automa-
ucry was act vbtained however. We wera surpnised by this
finding becaase it has been said ihat automatiaty {frequently
Jdevewops in abou: 200 consistent-rpapping snals or after 2 Ar
of training (Schpeider & Fisk, 1983). Our extensive training
group had considerably more practice than required by these
normns. [ urther, previous studies g, Dumais. 1979, Schaer-
der & Saiffrin 1977, Experiment 2) obtained automaticity
for rasponse latcncy with processing loads (Memany Set Sizc

~ Frame Size) of up to 16 characters (and with frame sizes oF

up 10 19 characters in the study by Dumais), and the amount
of training 0 these studics was comparable to that used in
Expc;imcm i. Onc difference betwecn the present expen-
meants’ proceduic and that of Schineider and Shiflrn (1977 1
the physical arrangement of the stimuli. Whereas they used a
central fination and presented ke letiers in a sguare around
faation, in the present experument we displayed the stimub
in & string catending rom d=ft to nght. a format sumilar to
that founa w0 normnal teat. [n addition. the display size used
by Shneider and Shiffrin aliowed subjects ¢ view all char-
acters witih lugh acuity in a single fixation. whereas the display
size used (o the present cxpeniment presumably required
several fiastons in order for all characters to be seen with
high acuity (see Shiffiin & Schoeider, 1977, p. 66, for a
discussion of this issue).

We wondered whether the extent to which the stimulus
falls in peripheral vision, the density of the letters, or same
other aspcet of the sumulus itself precluded the development
of complete automaticity in Expcnment 1. In order to tes:
this hypothesis, we conducted a follow-up experiment (see
Realy, Fendnch, & Proctor, 1967) which madc use of distrac-
tor letters (€)) that were maximally discriminable from the
tareet [etter (). Specifically, this experiment included detec-
tion training itke that used :n Expernment | and the same
proccdures except that the distractor letters were always O, In
the context of these distractor letters. unlike the random
distractor letters uscd in Fxperiment ! we predictad that the
target letter would “pop out” (see. ¢.4.. CGardner, 1973, Treis-
man & Patterson, 1984) and that no disadvantage for Frame
Sizc 16 would be cvident cven with rminimal traiming, unless
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the disadvantage was due soieiv 1o sumulus display character-
isiics which could not be overcome. In fact. we found that
the large disadvantage for Frame Size 16 was eliminated in
this follow-up experiment. so that performance was no worse
{indeed was better) on Frame Size 16 thar on Frame Siz2 4
Therefore. we concluded that the frame size ¢ftect. and hence
the failure to find complete automatcity, in Expenment 1
cannot be alt=buted to anifects concerning visual angle and
other charactenstics of the visual displas

I anv erent. the degres of avtomeatciy did not wem to be
reiated to the degree of long-term ruentan 1 Expenment |
The limitzd traming group. lire the extensive trainiag group,
showed essentally perfect skill retention. even though there
was evidence of autormaticity (alhert weak ¢vidence only for
ihe axtensive trainirg group. I fact. as mentioned above. aly
three groups of subjects. including the controf group who was
given no Jdetsction wannnz, showed retenuor of the loss of
tue werd fregusacy disads antage over the T-month retenticn
Interval

Zaperument 2

In Experiment ¢ we found essentially no forgettiag of the
wtier-detection skill tn terms of beth speed and accuracy over
1 i-monzh retention interval. Hence, the mapor purpose of
Experimernt 2 was to assess retentton of the detection skill
O%er [ongsT inlervais

In Expenment | we found only modest reducnons in the
fraine size effects as a function of practice However, subjects
in Expedment 1 were given at most only 4 br of praciice
Therefore 3 sccond purpose of Expenment 7 was to deter.
mine whether more tntensive pradtice wiil lead 1o more dra-
matic changes in the framc size »ffecic and. thus. 1 a greater
Jdearee of automaticity.

Two subjects were employed for Experiment 2. Each sub-
ject was given 12 1-hr sessions of detection tratning followed
th a retention test € months after rhe traimng ended Orc
subject also received a second retention test Y months after
the fint retention test (15 months aiter training ended) To
verify further our findings from Expeniment | with the prose
passages. thc subyects were alse given pretest. posttest, and
retention icsts with the passage letier detection task.

Merhod

Subjects

Two subjects were tested 1n this expenment. One subject {tAG) was
an undergraduate research assistant majonng tn psychology at the
Umiversity of Colorado. She had had extensive expenence testing
subjects in experiments on cognit:ve psychology, includimg concur-
Tent part;opatton as an expenmiehier in kxperiment !. Although
gencrally familiar with the stimulus configurations and tasks because
of bier rolc as eaperimenter, she remained i @ separate room from
the sybjects duning most of the training and testing sessions and did
not view the stimulus displays dunng the presentation of the stimuti
10 the subiccts The socond subject (DS) had received his bachelor’s
degree from the University of Colorado within the previous year
oefore training began. This subyect had nct been a psychology majur
and was not familtar with experimental ps: chology.

m
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Design, Apparaius. and Procedure

il aspects of the apparstus and procegure are comparablce to those
frr the analogous tasks of Experiment [ In particular, the display
duration was {,300 ¢ in both the detection training and passage
letter-detection segments of the cxperiment. As in Experiment 1. the
subgects compicted a comprebension 18st for cach passage.

Testing was conducisd in thres phases Pnas¢ 1, the acquisition
phase. consisted of a pretest on ioster detection in prose followed by
17 sessions of irtensive training 2arvied out by AG within 3 28-day
pertod and ty DS within a 20-dav penod. Phascs 2 and 3 consisted
of retention tests, Phase 2 consisted of 1 dayv «of resung 6 months after
the iast day of traimng of Phasc 1. Phase 3. whch apphed only to
AG. also conuisted of a saagle day of testing @ months aiter the Phase
2 test day,

Phase i Acquusiton. The first day of Phase | ancluded only a
pretest with Version 3 of the first leter-detection passage uscd in
Fxpenment + Each of the remaining 12 days of Phase @ included
seven plocks of detestion tramung comparable (0 that employed in
Expenment | {i.¢ . opperase leiters. with uppercase H the warget).
The fpal day o Phase t 2l included mad pasitest passage letter-
detection asks. flioning the wecal veren Mocks of detection training.
The Syt postiest (eiter-deteztion passage was Version | of the second
pasage used 10 Expermient i+ The second posttest jetter-detection
LAsage wad e versson of the T-detection passage used in previcus
studies fsee. e.g. Froctor & Healy, 19871 Again, this passage was
convarted to ol uppercase Jelters. and the target was uppercasc 7.
Untorenatzly. the data from AG for this passage were lost because
of ¥ zomputer majfunctan 5o the daia from s passage will not be
reponted for cither subject.

“haiex 2 and < Retention  Phases 2 and 3 each iacluded &
ratennan st o lewter detection 1o prowe. followed by seven biocks
of the detectior trairng task ke thai canduted m Phase 1. All
i wers typed i vepercase. and uppercase H was the target in
eachk tash. Vemion 2 of the imird nassage used in Experiment § was
presented in the proce lester-derestion task of Phave 2. Version 2 of
the protest pasaags of Phose § vl presented in Phase 3

Results

Dectection Traning

Sorey procedure.. The seme scortng procedures were
taed 2aip Faporiment t However, berause only 2 subjects
were tested . the present experiment the factor of blacks
swdthin days) ratne than subjects. was treated as the random
erPet in two separae analises of vaneace, one for each
sabiect, Trvo tvpes of analvees were crnducted. The first type
ot anabveis imtinde? data oaby from the first 12 sessions of
tranng (Phase 1-Acquisition®. with session and frame size as
withir-biecks factor: The second type of analvsis included
3t anhy froin the last session (Sessiom 12 of acquisition
traif, 2e and the 1w retention scssions (Phases 2 and 3) for
ACT kot ondy the one relerhon session for DS, again with
wacson 1rd frame sire as wothmablocks factors. Thus, in the
arst tvpe of analysis thore were 12 levels for the session factor,
wher~acin the cecond type of analysie there were onlv 3 levels
f5: AG and 2 levels for DS In hoth 1ipes of analsses there
wepe throe lovels for the frame size factor (2, 4. and 16).

Acrurary dcta. Figurs 2 shows the proportion of hits as a
functorn of session and frame vze for AG in the top panel
and for D% an the bottemn panel The ctandard error of the
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Fuynere 2. Mcan proportion of hits as a funcuon of dav of raining
and frame size in Expenment 2: Data for AG in top panel. for DS in
bottorn pane!. (R stands for the first retention test. and R for the
second retention test.)

mean proportion of huts in Figure 2 is .00 for AG and .005
for DS, as detcrmined by analyses of variance. False alarms
were also compuied but were not analyzed further becaese of
the iow frequency of occurrence during acguisition {mean =
04 for AG and .02 for DS).

For both subjects, the hit ratcs fer the three frame sizes are
quite different initially but convenge as ihe training progresses,
s0 that by the final (12th) session, the hit rates are at the
ceiling for all three (ramc sizes and stay at the ceiling during
the retention tests.

Response latency data.  Figure 3 presents the means of the
median responsc latencics for the hits as a function of scssion
and frame size, again for AG in the top pancl and DS in the
bottom panel. The standard crrac of the mean response
latencies in Figure 3 is 20 ms for AG and 22 ms for DS, as
determined by analyses of variance. {u the analysis o variance
for the acquisition period, there were significant main effects
of sesston, F(11, 66) = 37.93, p < (01, for AG, and F(i1.
66) = 11.20, » < 001, for DS, and frame size, F(2, 1) =
204.92 p < 001, for AG, and £(2. 12) = 022,84, p < 001.
for DS, as welt as a significant interactiun botwesn $25510n
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Figure 0 Average medan responss latens (o miliseconds) as a

fancuon " cay of trajning and frame »'22 ‘0 Fyxnenmant 2: Data for
A 10 W rane', for DS i mottams panel (R stands for the fiest
sarention tes! and RT For the secand retention tesl)

and frame size. #(22 132) = 346 p = 00], for AG, and
F(22.132)= 2,16, p < 01, for DS Inaddition, trend analyscs
indicated that there waes a sigmficant Lirear Day > Lincar
Frarz2 Size interaction for AG. F(1. 6 = 26.17, p < CGI, but
only 2 marginally significant interaction for DS, F(1. ¢) =
3.79. p < .1U. As for the hit rate. the frame size effect
Jiminished as the sessions peogressed, but sn this case the
effect was not eliminated entirely at °he ena of acquisttion
training, presumably because the latencies had not reached
their lowest possible tevel, Wote that all three frame sizes
converged for AG, but only the smaller (wo frame sizcs
converged for DS. In any event. the sighrficant teraction
docs support the hypothesis that a degrae of automaticity was
achieved. but the difference in frame xizes at the iast weswon,
sspecialls for DS, suggests that auromatic.ly was not complete.

For the sccond analysis, which compared the fast session of
the acquisition poriod 10 the retention swssinn(s). there was a
significant main effact of frame <ze F12 12 = 4382. 5 <«
001, for AG, and F12, 12) = 9€ i5, p «< 001 for DS, with
the smallest larencies for Frame Size 2 and the largest for
Frame Size 16. In addiuon. &, DS there was no effect of
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session, F{1. 6) < 1, but for AG there was a significant main
effect of session, F(2. 12) = 8.68. p < .0l with shorter iatencies
for the final acquisition session and the final retention session
than for the initial retention session. Planned comparisions
for AG revealcd no significant difference between the first
(final acquisition) and third (final rctention) tests, byt the
average of the first and third tests did cirfer from that ¢f the
sceond (inttial retention) test, F(1, 6) = 1370, p= (1. Thus,
for AG the final reternon test 5 monthe after acquisiticn
yieided performance comparable to that at the end of trarune,
suggesting essenually no forgetung although there was a
significant perforrnance decrement after the tirst 6-month
intervai for that subiect. Alternatively, after the first 4-month
delay, there was significant {orgetting evident at the retention
test for AG, but that test provided a reminder which boosted
performance back to the level attained at the final acquisition
session. In contrast, no forgetting was evident at the 6-month
retention test for DS.

Letier Detection 1n Prose

The sconing proceduce for this task was the sume as that
used in Expcnment | However, because this experimens
included oniyv 2 subjacts, vo statistical analysis was conduc ted.

The preportion of hits and false ajarms was computed fo-
sach of the tests of letter detection in prose. The falee alam
rate was small for each of the tests (mcan = .03 for AG and
mean = .02 for DS).

The proportion of hits as a function of test, word type. and
speiling is shown (p Table 7. The most striking aspect of these
daza is the increase tn hit rate from the pretest to the posttest.
This impraved performance is maintained dunng the reten-
tion tests for AG but not fully maintained for DS. It is also
noteworthy that the data from the pretest are consistent with
both a word infenority cffect for THE (but aot for othet
wonds) ard a word frequency disadvamtage. The data arc
generally inconsistent with a word frequency disadvantage
and word intetionty effect for the posttest for buth subjects
and for the retention tosts for AG.

Table 7
Propcrtion of This as a Function of Test, Word Type. and
Spelling Experiment 2

Subject AG Sutyect DS
Test Word Cor Mis Cor Mis
Pretest
THE .12 18 61 13
other 78 72 18 83
Posttest H
THE 96 92 92 LY
other 96 98 96 93
Retention |
THE 94 1.00 RO + 0
other 86 94 94 94
Retention 2
THE 100 (KLY
other 1.00 1.00

Nowe. Cot — comact: Mis = misspeiled.
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Thus, the results for these 2 subjects are generally consistent
with those from the previous cApCriments in (wo respects.
First, the effects of training are large and arc retained through-
out long periods of disusc {in this case up to !5 months).
Sceond, the standard word frequency disadvantage is elimi-
nated at the posticst for both subjects and remains absent at
the subsequent retention tests for AG (but not DS).

Discussion

The 2 subjecis empioyed in this experiment elucidaicd two
1mpertant offects vf tr2ining suggested. but not clearly dem-
vnstrated, in Experiment |, which involved a greater number
of subjects but substanaally less treining and a shorner reten-
uen interval. First, pecformance, both in torms of speed and
accuracy, improved dramaiically as training progressed. Al
though il appeared from Eapcriment ! that performance
might have reached an asympiotic level with as hittle as 4 days
of train:ng, 1t is cicar josiead ihat perforicance steadily in-
creased throughout the [2-session training period. Although
a frame size effect persisted for respurse fatencies at the ond
of tratuing, especially for DS, the effect was substantially
reduced for latencics end wa, eliminated for crrors Hence, it
is ciear that the responses of AG and probably DS becamc
mOrc autornauc «s a resuit of the trainirg. Second, and most
interesting, the large improvements it performance were
maintained with essentially no decline over a é-month reten.
tion interval for DS and over a 15-month interval for AG.
with only one refrrsher tmaining session intervening hetween
the training and AG's final retenticn test. This latter finding
suggests thay the perceptual skill of tetter detection more
closely resembles motor learning rather than verbal learning
in 1ts retention charactenstcs. The extremely large degrec of
retention cviden: here is surpnsiog and certainhy worth further
exploration.

General Discussion

We can bect summranze our findings by dividing them into
three subsets: those concerning letter detechion in prose, the
role of auiomaticity, and long-term relention.

Leiter Detection in Prose

{n preiiminary research (Healy, Fendrich, & Procior. 1987
we fo .nd that the word frequency disadvartage was elimi-
rated and the word iafenonty effect was reduced after detec-
tion training. We replicated this result in the present study,
but we also found the samc change in the pattern of detection
errors when subjects were given no detection training but
instead merelv performed a pretest with the prose wack. More-
over, these results were uninfluenced by the degree of detec-
tion training Hence, the changes we observad cannot be
atinbuted to enhanced letter-level processing alone but also
to exposurc 10 a level of processing higher than the letter.
Thes: fincings arc consistent with those of Koler< and Magee
(1978) showing on.y a modcrate amount of transfer from
naming inverted scrarobled letters to reading imverted text
Alhough higher level processing is implicated. we can rule

out passage familiarity as 2 factor, because, unike previous
studies {c.g., Healy, Oliver, & McNamara, 1987), the changes
in the pattern o1 2*tter-detection errors occurred even when
subjects were tested with a new pastage never scen previously
(cf. Levy, 1983: Levy & Begin, 1984; Levy et al, 1986).
Hence, we preposc that exposure 10 a pretest with the prose
fetter detection task enables subjects to change the focus of
their attention from the word or phrase levels to the letter
level and thus 1o detect target letters that would have otherwise
been averlcoked because they are in common words.

Thesc findings are consistent with the basic assumption.
discussed in the introduction, that fajlures to detect fetters in
commen, correctly spelled words result from interactions of
processing at the word and letter level. As outlined carlier,
this assumption leads to the prediction that enhancing proce
essing at the letter lcvel will change the pattern of tettor-
detection errors. Our results impiy that such a change takes
placc only when practice occurs in the context of real words
$0 that subjects can learn to focus their attention on the letter
Jevel. More specifically, with respect to the umitization hy-
potheses (see, e.g.. Healy, Oliver, & McNamara. 19%7), our
findings suggest that the pull of the text caused by the com.
prehension processes can be weakened by practicing letter
detection in a prose context. so that subvects can learn to
continuc processing a given werd at the letter Jevel even when
that word has alreadv been identified. -

The Role of Automaticity

Although subjects did not show evidencc for fully automatic
responding i Expennents | and 2, ali subjects did show
clear signs of improvernent with training, and the subjecis in
Experiment 2, especially AG, showed dramatic irmprovemenis
approaching automaticity.

Our finding that the cffcet of frame size persisted even after
extensive practicc s consistent with the findings from an
expcriment by Rabbitt et al. (1979). These investigators in-
acpendently manipulated both target (or memery) 2t size
and display (or framc) size in their Expzriment 2. There were
three diffzrent numbers of targets (1wo, four, or eight) and
three different nunibers of letters in the display (two. four, or
nine). After extensive practice (60,000 trals across 25 days!
on a consisteni-mapping visual scarch task, they found (.at
the effect of targe: set sizc was ¢liminated, but the effect of
display size remained.

Most crucially, the durahility of the detection skill does not
seem to depend op the development of automatic processing.
We found 1n Expenment 1 csscatially perfect skill retenton
for subjects given both limited and c. tensive training. al-
though therc was no cvidence of autornaticity for the limited
training group. Further, we found i the same experiment
that both groups of subjects maintained the loss of the word
frequency disadvantage over a 1-month reteotion interval,

lLaong-term Recention

Qur most inieresting rcsults concemn the long-term reten-
tion of the letter-datection skill. Subjecte showad essentialiv
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no forgetting of the skili that they had acquired even after
relativels long retestion iptervals, This finding was most
dramatic tor the sebiects of Experiment 2, who showed sub-
stantial improvementy in performance as a result of training.
DS showed no loss in the perfuormance level achieved after a
¢-menth retention interval, and AG showed no loss after a
[5-month reterion oterval with oaly a single refresher train-
ing session (I . 6-month retention test) intervening between
yatial acquic.tinn and the final ratention test. Not only was
thers litile fargetting of the delection skill, but the large change
in performance on the prose 1ask (the elimination of the word
frequency Jisadvantage) was generally (not for DS) main-
taincd over a lengthy retention interval, even when the chapge
was caused by an expenience of a relatively short duration
(1., reading a singlc pretest passage).

The previous study in the litcrature most closcly related to
our own 18 the one 5v Rabbitt et al. (i979). This study
emploved a wisual scarch task like our own and similarly
cxamined the tiuning and subsequent retention of the search
skill In Expepment | of this study. 60 subjects were exposed
to 3 davs of trainimg, with 1,000 tnals per day (a total of 3,000
tnais. simuar 10 the 3,744 tnals given to subjects in the
extensive Giaining group of our kxperiment 1). They were
then retested after retention intervals of 2, 4, or 6 weeks. For
some subj s the retention test involved the same target and
distractors as used in lraining. whereas for other subjects a
transfer test involving new distractors was employed. Subjects
showed improsements in responsc latencics as training pro-
gressed and no increasc in response latencics after the 2- and
<wech intervals, There was a significant increase after the 6-
weck detay. although the latencies in that casc were shorler
than Jnase at the start of practice. Hence, the results pointed
tu substantial degrees of skill retention up to 4 weeks, as we
found 1n Expeniment 1. Further, the resuits jndicated signifi-
cant forgelling aficr a 6-week delay, as we found in our
Crpenmen: 2 for AG. hut not for DS, afler a 6-month delay.
The supernor retention we found in our Experiment 2 may he
duc 1o the fact Lthat the subjects 1n that study were eapused to
constderably more extensive practice {13,104 tnials). Also, our
finding no loss in AG’s performance afier a 15-month interval
cuggests that a limited amount of refresher training can main.
tatn the shill even if there is initially some forgetting. Thus,
althorugh our findings are not irconsistent wath those from
the carfier study, the work by Rabbiti et al. scems to have
underestirnated the remarkable durability of the perceptual
<l

The negligible amoun: of forgeiting found in our study of
perceptual Icaming contrasts with the substantial forgetting
found in traditional studies of lcaming (c.g.. consider the
raprd fargetung of three letters over an 18-s retention interval
tound by Petcrson & Peterson. 1959). There are at least three
interrelated disunctions between the present task and the
tradiionai tasks, and any one or any combiriation of these
distinctions may be responsible for the differcnt patterns of
forgetting. First, the tasks differ along the dimension that we
will refer 10 as skill versuc knowledge (sce Bourne, Ekstrand,
& Dominowski. 1971); others have labeled this dimension
operational versus declarative knowledge (knowing bow vs,
knowing that. Ryle, 1949), or procedural versus declarative

memory (Anderson. 1983). The subjects in our study icarned
a skill, whercas the subjects in the more traditional studics of
verhal lcarning acquited knowledge. Second. the tasks differ
in terms of the memory svstems distipguished by Tulving
11985), Suhjccts in our task werc cngaging the procedural
mcmory system, whercas subjects in the traditiona’ tasks wers
making usc of episodic memory. Third, our task was an
implicit memory test. as opposed to the eaplicit memony testy
used in the traditiona! tasks (see. ¢.g.. Graf & Schacter. 1985
Thus, the letter-detection task we studied was o skill invelving
an implicit test of the procedural memory system. Other
examples of long-term retention with hittle forgeting have
involved pursuit-rotor motor skills (¢ ¢.. Jahnke & Duncan.
1956), reading inverted text (c.g.. Kolers. 197€). and the word-
fragment completion test (e.g.. Sloman. Hayman. Ohua, Law.
& Tulving. 1988: Tulving. Schacter. & Stark. 19§2). The
pursuit rotor task seems to fall unambiguously in the domain
of skill: the resding of inverted text scems to be 4 clear example
of procedural memory: and the priming of word-fragment
completion has beecn used as an implicit measure of memon.

All three of these distinctions point 1o the invotvemen! of
procedural memory a5 the crucial factor leading to stabic
memory represcntations. In agreement with the theoretical
position put forth by Kolers and Roediger (1984), we propose
that mecmory represeniations cannot be divoresd from the
proccdures which were used 10 acquire them and that the
durability of memory depends critically on the extent to which
the learning procedurcs are reinstated at test, Implicit memory
tasks like ours that require the direct storage and retrieval of
proccdures should. according to this argument, be acquircd
and mainained with much greatcer {acility than explicit meni-
ory tasks that involve procedural memory more indiractiv,
such as those that bave been categorized as involving know|-
edge or episodic memory. For example. in the standard List
learning expcriment, the memory coding procedures used by
subjects to store the Lst are not easily retrieved or reinstated
at the nme of test. unless the subjects cmploy specific mue-
monie procedures, sach as the method of loci, the keyword
mcthod. or the chunking method learned by the expert SF
(Ericsson & Chasc. 1982). In contrast. the procedures used by
our subjects during acquisition arc casily rcinstated during
the retention 1est because the subjects arc performing the
same task (i.e.. letter detection) ip both instances. This char-
acterization of memory is consistent with theories of transfer.
appropnate processing (c.g.. Bransford, Franks, Moms, &
Stein, 1979) and encoding specificity (Tulving & Thompsen,
1973). bath of which postulate that memory performance will
be best when the procedurcs required at the retcntion test
match those employved during learning.

This emphasis on procedural memory not only provides an
cxplanation for the substantial degree of retention we found
of the detection skill in our study but also hclps explain
another puzzling observation we have made. We have found
that the patiern of crrors on the prose letter detection task is
influcnced grestly by a previous caxperience with detection in
prosc but not by expcrience with detection in scrambled
letters. The fack of an influence in the latter case could be
explained by proposing that subjects use qualitatively diffcrent
procedures 10 detect letiers in the two contexts.

FRGE.BI2
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